We present new Spitzer Space Telescope observations of the H II region NGC 2467, and have used these observations to look at how the environment of an H II region can affect the process of low-mass star formation. We are using these observations to independently assess the relationship between low and highmass star formation. In particular, we are interested in exploring the extent to which the H II region environments affect the process of low-mass star formation itself. In this paper, we present IRAC (3.6, 4.5, 5.8, and 8.0 µm) and MIPS (24 µm) observations of this region, covering approximately 500 square arcminutes. The images presented here show a region of ionized gas pushing out into the surrounding molecular cloud. The region is powered by an O6V star with two other clusters of massive stars in the region. We have identified 45 sources that have infrared excesses in at least two mid-infrared colors. We present colorcolor diagrams of the sources and also show the distribution of candidate Young Stellar Objects (YSOs) in the region. We find that the YSOs are not randomly distributed in NGC 2467, in fact the majority of the sources are distributed along ionization fronts created by the massive stars in the region. Of the 45 sources with an infrared excess in two or more colors, more than 75% of them are located near the edge of the H II region in gas that has been compressed by H II region expansion. These Spitzer data support the hypothesis that a significant fraction of low-mass star formation in NGC 2467 is triggered by H II region expansion. At the current rate, we estimate that during the lifetime of the region, at least 20% of the YSOs have formed from triggering due to H II region expansion.
Introduction
There is a growing body of evidence for triggered star formation in H II region environments. Lada and Lada (2003) found that as many as 90% of all low-mass stars within 2 kpc of the Sun formed in rich clusters, and many of these clusters contain massive O and B stars. Ultra-violet (UV) radiation from massive stars will feedback into the environment of the nearby molecular cloud and interstellar medium (ISM), causing compression of the gas, leading to new stars being formed on the edges of the cloud near the H II region. This has been seen in regions such as M16 (Hester et al. 1996) , W3/W4 (Oey et al. 2005) , RCW 49 (Whitney et al. 2004a) , and M20 (Cernicharo et al. 1998; Hester et al. 1999 ).
Young Stellar Objects (YSOs) have infrared excesses above the stellar photosphere due to a large infalling envelope in the early stages of formation and an accretion disk in the later stages. Traditionally, YSOs have been classified into the "Class I, II, III" evolutionary stages, first defined by Lada (1987) , based on the shape of their spectral energy distributions (SEDs). However, selecting YSO sources from their Spitzer mid-IR colors may be an more robust method, (Allen et al. 2004; Whitney et al. 2003 Whitney et al. & 2004b , mainly because not all YSOs will have an excess in the near-IR.
The H II region NGC 2467, also known as Sharpless 311, is located at a distance of 4.1 kpc (Feinstein & Vazquez 1989 ). This region is dominated by one O6 Vn star, HD 64315. There are also two stellar clusters in the area, Haffner 19 (H19) and Haffner 18ab (H18ab), that contain one later type O and additional B stars, but most of the ionizing radiation comes from the O6 star. There has been some debate as to whether or not the H II region of NGC 2467 and the two clusters, H18 and H19 are actually associated. Different groups, (Feinstein & Vazquez 1989 , Munari et al. 1996 , and Moreno-Corral et al. 2002 have calculated various distances for all three components of NGC 2467. Distances for H19 range from 4 -5 kpc, and distances for H18ab seem to be farther away, ranging from 5.3 to 6.3 kpc, arguing that it is not spatially associated with the other two.
Using UBVRI broad-band data Moreno-Corral et al. (2002) determined that there are approximately 34 B stars in the cluster H19, the most massive being a B1V star that is the exciting star for this cluster. They estimate the age of the cluster H19 to be only a few million years old, and Munari et al. (1996) have a best-fit age for H19 of 6 × 10 6 years. Fitzgerald & Moffat (1974) estimate the age of H18ab to only be 10 6 years old, and Munari et al.(1998) obtained a best-fit age for H18ab of 2 × 10 6 years. Pismis and Moreno (1976) claim that the entire H II region complex is a very young region, with an age around 2 -4 × 10 6 years old. This region is an excellent place to study the effects of massive stars on the formation of Young Stellar Objects (YSOs). It is only a few Myr old and thus is still an active site of ongoing star formation.
Using Hubble Space Telescope (HST ) Advanced Camera for Surveys (ACS) data De Marco et al. (2006) have identified a large number of fragments in NGC 2467. The ionization front appears to be very near to many of the fragments, suggesting that they have recently broken off from the molecular cloud and are being uncovered by the advancing ionization front. In the process these fragments are being photoevaporated away, which shows that this is a fairly young region with ongoing star formation. NGC 2467 is an excellent candidate for a study of star formation in H II region environments. We can try to answer questions about whether or not further generations of stars, specifically low-mass stars, are being triggered due to the affects of the nearby massive O6V star and other B stars in the region.
Observations and Data Reduction
The data for NGC 2467 were obtained by the Spitzer Space Telescope with the Infrared Array Camera (IRAC; Fazio et al. 2004) and by the Multiband Imaging Photometer for Spitzer (MIPS) during Cycle #3 as part of the Spitzer program PID 20726. We have data in all four IRAC wavelength bands and in the 24 µm band with MIPS. The four IRAC bands are centered at 3.6, 4.5, 5.8, and 8.0 µm. The total mosaicked image size for NGC 2467 is 31.
′ 7 × 16. ′ 3 for IRAC and 20. ′ 8 × 21. ′ 3 for MIPS. The pixel scale in all four IRAC bands is 1.
′′ 20 per pixel and it is 2. ′′ 45 per pixel in the MIPS 24 µm band. The IRAC channel 1 and channel 3 bands are coincident on the sky, as are the channel 2 and channel 4 bands, but there is an offset of 6.
′ 73 between the center positions of the two pairs. The IRAC data for each frame were exposed for 12 seconds, and the field was dithered five times resulting in a total exposure time of 60 seconds per pixel. For the 24 µm data, each frame was 10 seconds long with 4 cycles, resulting in a total exposure time of 560 seconds. The MIPS data were calibrated by the Spitzer Science Center (SSC) pipeline version S13.2.0, and the IRAC data were calibrated with the SSC pipeline version S14.0.0.
Mosaicked images were re-made by using the Basic Calibrated Data (BCDs) from the SSC pipeline in the MOPEX software program, version 030106. Within MOPEX, cosmic rays were rejected from the BCD images and detector artifacts were removed. Point sources were extracted from the mosaicked images. This was done by first identifying a small region with little background nebulosity present in both the 5.8 and 8.0 µm images. The 5.8 and 8.0 µm images have a much larger extent of nebulosity and therefore point sources were harder to identify above the emission compared with corresponding point sources in the other two IRAC frames. Point sources were selected in this low-background region by eye, and fluxes were measured for these specific sources using the aper.pro task in the IDLPHOT package in IDL. Using this same region, an artificial higher background was applied to it and again sources were identified by eye. We determined what maximum background threshold that we could apply and still detect sources above it; this background threshold was then used on the entire region.
Point sources were then extracted from all of the mosaicked images by selecting sources using the threshold for reliable identification, described above, against the brightest nebular background region. While this excluded numerous sources in outlying regions, the results more accurately represent the actual source distribution in the region of NGC 2467, helping to exclude numerous background and foreground stars. Only sources that were still identifiable above the artificial background were selected. This process therefore gave us a more accurate background threshold for identifying sources in each band in the entire region.
The task find.pro, in IDLPHOT, was then run on all mosaicked images with the new background threshold criteria set in order to extract all the point sources. Aperture photometry was performed on the extracted sources using aper.pro in IDLPHOT. For the IRAC images, apertures of radii 3 pixels (3.
′′ 6) were used with a background sky annulus of 10-20 pixels (12-24 ′′ ). For the 24 µm images, an aperture of 2.5 pixels (6 ′′ ) was used with a sky annulus of 2.5-5.5 pixels (6-13 ′′ ). Aperture corrections of 1.112, 1.113, 1.125, 1.218, and 1.698 and zero-magnitude fluxes of 280.9 Jy, 179.7 Jy, 115.0 Jy, 64.13 Jy, and 7.14 Jy, provided by the SSC, were applied for IRAC channels 1, 2, 3, 4, and MIPS 24 µm respectively. Magnitude errors were calculated for each source, in each band, using the standard method described by Everett & Howell (2001) . Sky fluxes were given by the aperture photometry routine, and the gain and readnoise of each passband were provided by the SSC. Magnitudes and the associated errors of our sources are reported in Table 1 .
Results
For NGC 2467, 186 sources were found in all four IRAC bands, and there were 23 MIPS 24 µm point sources identified. We found more than 50 sources that have a mid-infrared excess in at least one IRAC color, 46 of which have a mid-IR excess in two IRAC colors. The infrared excess of these sources indicates that they are a very young population. The location of these sources was also studied in order to analyze the possibility of any triggered star formation and clustering in this region.
Colors of sources were calculated, and adjacent IRAC colors were used to make an IRAC color-color plot. The Megeath et al. (2004) and are based on models from Allen et al. (2004) and Whitney et al. (2003 Whitney et al. ( & 2004b . YSOs that had colors in between these two ranges were classified as Class I/II protostellar objects. . In total we identified 46 possible protostellar objects. We also used the Two-Micron All Sky Survey (2MASS) All-Sky Point Source Catalog (PSC) to find 2MASS point source counterparts to our Spitzer source list. There are 166 point sources that were detected in both surveys. There are 29 2MASS sources that show an infrared excess in their 2MASS colors and of these 29 2MASS point sources, 27 of them correspond to an IRAC YSO source. The overlap of 27 of the 2MASS infrared excess sources with our Spitzer detected YSOs confirms that our methods for selecting YSOs is valid.
AGB and extra-galactic contaminants could be present in the data since they have can have similar colors as YSOS. To identify these, we used the color criteria for both AGB stars and extra-galactic contaminants from Harvey et al (2006) . Possible AGB stars in our Galaxy are expected to have [8.0] band magnitudes ranging from 3 -9 magnitudes, and to also have a color of [4.5]-[8.0] ≤ 1. A few sources from our total source list did meet these criteria for AGB stars, but most of these sources were off cloud sources. None of our selected 46 YSOs, had a magnitude or color meeting the criteria for AGB stars. The other possible contaminant are extra-galactic sources that also have colors similar to YSOs. These sources typically fit a color-magnitude criteria of (Harvey et al 2006) . Only one of our selected YSOs matched this criteria. This source had no detections in any of the 2MASS bands, and was therefore discarded as a possible YSO. This left us with a total of 45 YSO candidates. Figure 1 is a three color image of NGC 2467; the IRAC 4.5 µm channel is in blue, the IRAC 8.0 µm channel is in green, and the MIPS 24 µm channel is in red. The IRAC and MIPS images show a region of ionized gas pushing out into the surrounding molecular cloud. Strong polycyclic aromatic hydrocarbon (PAH) emission can be seen in the 8.0 µm band in these images. This PAH emission shows the location of some of the edges of the ionization fronts created by the O star. PAH emission will be present throughout the photo-dissociation region (PDR), therefore causing bright 8.0 µm emission up to the edge of the ionization front. The MIPS 24 µm emission is most strongly concentrated in the area surrounding the central Reach et al. (2004) as possible sources with debris disks. Four of our 24 µm sources fall into this color regime. Color criteria for the 24 µm protostars were defined from Reach et al. (2004) and Whitney et al. (2003 Whitney et al. ( & 2004b . This therefore gave us a total of 45 sources from both the IRAC and MIPS color-color diagrams that had an infrared excess in at least two colors, and 18 of these sources had a measured color excess in four different colors.
14 IRAC sources and 10 MIPS sources were found to have colors indicative of Class I/0 objects. Models of objects with these colors from Allen et al. (2004) and Whitney et al. (2003 Whitney et al. ( & 2004b correspond to protostellar objects with infalling dusty envelopes. Of the 10 MIPS Class I/0 sources, four of them corresponded to IRAC Class I/0 sources, and six corresponded to IRAC Class I/II sources. 13 IRAC sources and 8 MIPS sources were found to have colors indicative of Class II protostellar objects. The colors of these objects are characteristic of models of young, low-mass stars with disks (Allen et al. 2004 and Whitney et al. 2003 & 2004b . Two of the MIPS Class II sources corresponded to an IRAC Class II, and five of the MIPS Class II sources corresponded with an IRAC Class I/II source. The other MIPS Class II source corresponds to an IRAC Class I/0 source. 18 other IRAC sources were classified as Class I/II objects based on their colors. The MIPS classification of YSOs overlapped fairly well with the IRAC classification. Cases where the did not correspond exactly is mostly due to the fact that we only had two separate classifications of MIPS sources, but three possible classes for the IRAC sources. Table 1 Tapia (1981) . The corresponding IRAC YSO candidate sources are also identified in this plot, which shows that 27 of the 29 2MASS sources with an infrared excess correspond to a YSO selected source from Spitzer. There is some separation of the IRAC classified sources seen in the 2MASS color-color diagram. A large fraction of the IRAC Class I/0 objects are sources that are reddest in the K-[3.6] color. The IRAC Class II objects lie in the middle range of color excess for the K-[3.6] color, but most of them do all have higher H-K colors.
Discussion

SED Model Fitting of YSOs
We are interested in determining the masses and other physical properties of our detected YSOs. In order to look at the possible physical properties of each of our 45 YSO candidates, such as mass, age, and temperature, we used an online spectral energy distribution (SED) fitter from Robitaille et al. (2007) . The fitter uses a grid of 2×10
4 YSO SED models at 10 different inclination angles, therefore giving a grid of 2×10
5 total SED models. The Spitzer and 2MASS fluxes for each source were input into the SED fitter, along with a distance estimate for the region. The fitter then outputs a set of models for each source. In each model, mass, age, temperature, radius, and other properties are given. The fitter only outputs models with χ 2 -χ 2 best ≤ 3 (per data point), and of those models we only selected ones that had ages less than a few million years, ie. only models with ages that are within the assumed age of the region. Using only those models, the weighted average mass of each source was calculated. The corresponding model with the lowest χ 2 value and model mass close to the weighted average mass was used. The best fit model parameters for each source are listed in Table 2 . From the SED model fitting, we found sources with masses ranging from 0.35 -5.7 M ⊙ and with ages ranging from 10 3 -10 6 years. There were at least seven sources that had a best fit mass of less than 1 M ⊙ , demonstrating that we are detecting a population of low-mass stars.
Mass Distribution of YSOs and Completeness
Having a mass estimate for each of our candidate YSOs allows us to examine the overall population of sources in the region. We are interested in testing the completeness of our measurements. In order to look at the distribution of masses of YSOs in NGC 2467 and to estimate our completeness we used the best fit masses, and calculated a mass function for our 45 sources:
In Figure 5 , we plotted log N vs log Best Fit Mass; the masses of our 45 YSOs were grouped into 6 mass bins, centered at 0.5, 1.5, 2.5, 3.5, 4.5, and 5.5 M ⊙ . A line of best fit was fitted to the YSO mass data in Figure 5 ; this line was only fit to the higher mass bins, where we can be assured that our sample is complete in mass. Our best fit line runs through three of the six mass bins centered on 2.5, 3.5 and 5.5 M ⊙ . The best fit line represents the initial mass function (IMF) and it has a slope of -1.53, this is comparable to a Salpeter IMF value of -1. 35 (1955) . Given a slope of -1.53, we get an IMF spectral index, Γ, of -2.53. Therefore our YSO mass distribution function has the form of:
Using this mass distribution, we find that we are complete up to a mass of 2.5 M ⊙ for the YSO source distribution. Then by extrapolating the number of lower mass sources up to the correct position, given by our mass distribution function, we calculated that we should have detected a total of 160 YSO sources ranging in mass from 0.2 -6 M ⊙ . Therefore, by detecting 45 sources we were approximately 28% complete. Our calculated IMF is very close to a Salpeter IMF, so we used the Salpeter IMF with Γ equal to -2.35, to determine how many total stars should have formed during the lifetime of the region between the masses of 0.2 and 6 M ⊙ . We also used the fact of two known O stars in the region in order to determine the IMF normalization constant. We found that there should be approximately 5250 stars between the mass range of 0.2-6 M ⊙ in NGC 2467 throughout its lifetime, and ∼5375 stars in the mass range of 0.2-40 M ⊙ .
Completeness was addressed by another method as well. Using our flux limits from Spitzer, we calculated what fraction of the total 200,000 SED models from Robitaille et al. (2006) we would have been able to detect. Our calculated flux limits were based off of our three-sigma magnitude limits for the IRAC bands of: 14.3, 14.1, 12.4, and 11.6 mag for IRAC 3.6, 4.5, 5.8, and 8.0µm, respectively. The SED models in the gird are based on sources at 1 kpc, so the model fluxes were scaled to 4 kpc, the assumed distance of our sources, and an average extinction of A V equal to 5 magnitudes for our sources was also accounted for in the flux limits. We also only accounted for sources with masses less than 6 M ⊙ in our completeness estimate, because all of our YSOs had best fit masses below this threshold, and we would have been able to detect any sources with masses greater than 6 M ⊙ in our sample. With our flux limits we should have been able to detect 42% of all models in the grid; this is comparable to our completeness estimates using the mass distribution of sources.
Comparison to HST Images
The main motivation of our Spitzer observational proposal was to observe a select number H II regions with Spitzer that had already been observed with HST. The combination of these two datasets is a valuable tool. HST images provide us with detailed information about YSOs after they are in the ionized H II region environment, whereas Spitzer allows us to see a larger view of the region and to see protostars and their disks that are still embedded in the dense gas around the H II region.
The HST ACS images of NGC 2467 by De Marco et al. (2006) were compared to our Spitzer images of the region in order to compare what is seen with the better resolution of HST with the larger field of view of the Spitzer images. The HST field is centered around the O6 V star, the brightest object in the HST ACS image, and a number of fragments, globules, and ionization front edges are also seen in these images. Five of our Spitzer detected YSOs are located in the HST field; three Class I/II sources and two Class II sources. The HST ACS F565N image of NGC 2467 is shown in Figure 6 , the five detected YSOs are labeled in the image by their YSO source number; the O6 V star is also labeled. Source #16 is classified as an IRAC Class I/II source and a MIPS Class I/O source, with a best fit mass of 4.70±0.33 M ⊙ from our SED fitting. Source #'s 17 and 18 are IRAC Class I/II sources with masses of 3.03±0.95 M ⊙ and 4.31±0.50 M ⊙ , respectively. Source #'s 33 and 34 are IRAC Class II sources with masses of 3.15±0.86 and 4.17±0.12 M ⊙ , respectively.
Four out of the five YSOs in the HST field are seen sitting against dark clumps in the ACS image. These four sources are seen in projection immediately behind an ionization front (IF). There appears to be one main ionization front that can be identified in the HST image, located to the bottom left of the image. This location also corresponds to a main column of gas seen in the Spitzer images where a large number of YSOs are located. Figure  7 is a three-color HST and Spitzer image of the region with the Spitzer data scaled to the HST field of view. The ionization front from the main column in the Spitzer bands is clearly outlined by the ionization front as seen in the F656N filter. Three YSOs appear to be in close proximity to this IF in the HST field. De Marco et al. (2006) make note of the many fragments that are being uncovered by the advancing IF. Two of the Spitzer sources (#'s 17 and 34) close to this IF appear to already have been uncovered and are sitting in the interior of the H II region. While the third source, #16, near the IF is embedded in one of these fragments and should be uncovered by the advancing IF within a few×10 4 years. One of the other YSOs, #18, appears to also be located in a denser clump of material that can be seen in the F656N HST image. The 5th YSO in the HST field is source #33, and it is nearby to the O6 V star and it also appears to be sitting inside the H II region.
One note of interest is that two of the younger Class I/II sources are embedded in the most dense clumps of gas, still waiting to be uncovered by the advancing IF, whereas the two Class II sources that have had longer lifetimes are located in the interior of the H II region, and have already been uncovered by the IF from the O6 star. Source #17 is a Class I/II and it is also located in the interior of the H II region but it is very close, within 0.2 pc, to the edge of the ionization front and to a dense finger of gas. We interpret this as meaning that it has recently been uncovered by the ionization front. This shows that in the HST field we definitely see a progression of younger sources still embedded in the dense gas waiting to be uncovered by the advancing IF and the older Class II type sources sitting inside the ionized H II region having already been uncovered by the IF.
Hypothesis Testing
There are two competing ideas for how low-mass star formation proceeds in H II region environments. We want to ask the question of how can we logically test these two different views of low-mass star formation. Work by Hillenbrand et al. (2007; White & Hillenbrand 2004 ) emphasizes that star formation in H II regions environments is coeval, suggesting that estimates of ages for low-mass stars have been under-estimated and estimates of high-mass stars are over-estimated. Hillenbrand et al. (2007; Dahm & Hillenbrand 2007 ) use isochronal fitting to estimate the ages of sources in many star forming regions. Work by Hester and Desch (2005) , among others, argues that star formation is ongoing over the lifetime of the region and the dominant mode for low-mass star formation in these environments is triggering by H II region expansion.
In a recent paper by Dahm and Hillenbrand (2007) using Spitzer observations of the star forming region NGC 2362, they find a number of sources (∼47) with an infrared excess. The region is about 5 Myr old and contains an O9Ib star and multiple B stars. All of the sources they are detecting are classified as 1 -10 Myr based on optical (VR c I c ) isochronal fitting. However the majority of their detected sources with a measured infrared excess have Spitzer colors that classify them as Class II sources; 32 out of their 270 total sources in the cluster could be classified as a Class II protostar, but only 1 source has colors of a younger Class I YSO. Therefore, they are only detecting objects that are a million years or older, and their selection methods do not detect the most red sources, which may be more heavily embedded and younger.
Other observations of star forming regions have detected very young sources, many sitting at the tips of columns of gas very nearby to massive stars. Hester et al. (1996) work on HST data of M16 showed many YSOs sitting at the tips of the columns in the nebula, very close to being uncovered by the advancing IF from nearby massive stars. New Spitzer observations are revealing even more evidence of sites of triggered star formation. Spitzer observations of the cometary globule in IC 1396 (Reach et al. 2004 ) reveals many new protostars that have recently formed in the globule. The location of the protostars and the high concentration of them in such a small volume of gas suggests that they were triggered due to the nearby O star. Spitzer observations of RCW 49 (Whitney et al. 2004a ) and the Trifid nebula (Rho et al. 2006 ) reveal similar results in each of those regions. These are just a few examples of the large amount of anecdotal evidence of triggered star formation in H II regions.
We are interested in using our data to distinguish between these two possible scenarios (triggered vs. non-triggered star formation that is coeval). One way to do this is to look at the distribution of sources in the region, if they are all coeval then we would expect the YSOs to be distributed the same way as all other sources, including the more massive OB stars. We tested this by comparing the YSO distribution to the OB stellar population distribution and to the location of ionization fronts in NGC 2467. We are also interested in classifying the effect ionization fronts have on star formation; we want to quantify the distance of sources from ionization fronts in the region and look at the amount of clustering for our YSO sources. Ionization fronts were identified by looking at the images by eye and then running the edge detection routine, roberts.pro, in astrolib of IDL on the 8.0 µm band image. This routine did gradient or directional filtering that would select locations where the pixel values changed quickly from one pixel to the next in a given direction. Six areas in NGC 2467 had sharp edges visible in the smoothed image produced by the edge detection routine and were determined to contain ionization fronts. Once the six main IFs were identified, they were mapped out in xy coordinates using a routine an IDL that returns coordinate values. This was done so that we had an x and y position along the length of each IF. The thickness of the ionization fronts outlined in the images of NGC 2467 is estimated to be about 10 17 cm thick, comparable to typical thicknesses of IFs (10 16 -10 17 cm) (ref?).
The main ionization front identified is around the column on the left of the image as seen in Figure 1 , and the main O6V ionizing star is near this column of gas. Ten protostellar sources were identified on this column, the majority of them very near to the edge. Assuming a distance of 4.1 kpc to NGC 2467, these 10 sources are located at distances ranging from 0.02 to 0.35 pc from the edge of the ionization front. The second region with an ionization front and a strong clustering of sources is the central cluster in the middle of the image. This region is dominated by strong emission from a few B stars. There are 8 sources in close proximity to this region, with distances from the ionization front ranging from 0.12 to 0.73 pc.
The third most noticeable region is a possible Stromgren sphere towards the upper right of the image, excited by the B1 V star in the H19 cluster. The ionization front at the edge of the Stromgren sphere is clearly defined in the images of NGC 2467. There are five protostellar sources right on the edge of the ionization front, with distances from the ionization front ranging from 0.03 to 0.50 pc. There is also one other source slightly farther out, at a distance of 1.04 pc.
Three other ionization fronts were identified using the edge detection routines. These three ionization fronts had five detected sources in close proximity. Overall, 29 of the 45 identified YSOs are strongly clustered around the detected ionization fronts. Figure 8 shows the locations of all 45 YSOs and the identified ionization fronts. The distance of the 45 YSOs from the nearest IF ranges form 0.02 -2.2 pc, with the majority, more than 60%, of the sources falling within 0.6 pc of a detected ionization front. The histogram distribution of source distances shown in Figure 9 shows that there is a higher frequency of sources near the ionization fronts.
Using the calculated distances of the YSOs from the IFs, we want to compare the timescale of the YSOs from an IF to the timescale of the lifetimes of these objects. Assuming an IF speed of 1 -2 km s −1 (ref ?), sources at a distance of 0.6 pc (1.85× 10 13 km) from an IF are only a 3 -6 × 10 5 years away from the nearest IF, depending on the speed of the IF. YSOs that are closer than 0.6 pc will have even shorter times for when the IF will reach them. This timescale is comparable to the ages and lifetimes of Class 0, Class I, and Class II protostellar objects. This suggests that many of these objects have formed a short distance from an IF over the last few×10 5 years. We are seeing very young objects that are still forming, some that are even younger than 10 5 years. These objects are much younger than the age of the region which is a few×10 6 years.
In order to test the likelihood of this distribution occurring, we calculated the probability of these sources being randomly distributed versus the actual distribution. Using the map of IFs, we slowly expanded out the area of each IF, making them successively thicker. At each point, the number of YSOs falling on an IF was counted. If this is a random distribution of sources, then we would expect to find that the fraction of YSOs falling on an IF should equal the fraction of the area the ionization fronts cover compared to the total survey area. We used a binomial probability distribution to compare the distribution of our YSO sources to a random distribution. Using the binomial distribution, we find an average probability that the sources were randomly distributed, normalized over the total observing area in all 5 Spitzer bands (400 square arcmin), of 10 −6 . When we normalized by using only the area immediately surrounding the gas outlined by the IFs, we find a probability that the sources were randomly distributed of only 5%. Figure 10 is a plot of the fraction of sources on an IF versus the fractional area of the IFs to the total survey area. This graph has a steeper slope than 1, meaning that the YSOs are not distributed randomly, they are more correlated with the locations of the IFs. For example, Figure 10 shows that 55% of the YSOs are contained within only 10% of the total survey area. This is not a random distribution of sources. The data suggest that the location of YSOs are strongly correlated with the location of the ionization fronts.
The distribution of the candidate YSOs in this region suggests that a large fraction of the low-mass protostars are forming in regions of gas that are being compressed from the advancing ionization fronts. The most notable thing we see with the distribution of these sources is that they are strongly associated with the IFs, and they are not randomly distributed. We also do not see clustering of YSOs around the OB stars, therefore they are not correlated with the distribution of the OB stars, instead we see clustering of YSOs that outlines the ionization front locations. Suggesting that the dominant mechanism for triggering of further generations of star formation is the expansion of H II regions out into the surrounding molecular gas. This results in the compression of the molecular gas, triggering new star formation, and then leading to the protostars being uncovered by the advancing ionization fronts.
Estimates of Triggering and Star Formation Rates
A final way to test the various scenarios for low-mass star formation in this region is to try to estimate the amount of triggering that has occurred in NGC 2467 throughout the lifetime of the region. One way to estimate this is to use our total expected number of YSOs (160) taken from the mass distribution plot that are forming now and compare it to the estimated star formation rate in NGC 2467. Assuming 160 YSOs with ages of ∼2×10 5 years that are present now and have been influenced by the effects of the H II region, then we want to calculate how many objects have formed over the lifetime due to H II region expansion. Equation #3 gives the total number of YSOs that have formed by this mode of star formation throughout the age of the region, where τ is the average of the YSOs and time is the age of the region (2-3 Myr):
If the age of the region is assumed to be 2 Myr old, then we find that roughly 1600 YSOs should have formed in NGC 2467 due to triggering. If the age of the region is taken as 3 Myr, then we get an even larger number of 2400 YSOs that would have formed due to this mechanism. Using the Salpeter IMF, we determined that there should be ∼5250 stellar sources in NGC 2467 ranging in mass from 0.2-6.0 M ⊙ over the lifetime of the region, therefore between 30-45% of the YSOs in NGC 2467 may have been formed due to triggering from H II region expansion. This is a substantial fraction of the YSOs, a large enough value that triggering of second generations of YSOs cannot be ruled out as an important mechanism for low-mass star formation.
All of the 45 YSOs we detected were within 2.2 pc of an IF, but if we assume that only YSOs within 1.0 pc of an IF (ie. 5×10 5 years, given IF speed of 1 km s −1 ) will be affected by the IF within their lifetimes, then that still leaves us with over 70% of our sources. Assuming only 70% of any of the YSOs will be within a pc of an IF, gives us between 20-32% of the YSOs in NGC 2467 that would have been affected by H II region expansion. When we look at a rough estimate of the star formation rate (SFR) for this type of star formation, we find between 1100-2400 stars that would have formed by this method in the last 2-3 Myrs, giving a few×10 −4 stars per year. This SFR is high enough and is completely consistent with the data. Evidence shows that the high mass OB stars probably formed around 2 Myr ago, whereas the low-mass stars have been forming over the course of the lifetime of the region.
The entire process would probably have been faster earlier on, with the SFR being higher, therefore our estimates of 20-45% are lower limits for the fraction of stars that would have been affected by triggering from H II region expansion. Even as a lower limit, 20-45% is a significant fraction of the total sources throughout the lifetime of the region; this cannot be discarded as a possible mode of low-mass star formation.
Summary and Conclusions
The mid-infrared data from Spitzer show that NGC 2467 is a region of active star formation. We detected a large number of sources with mid-IR excesses which is evidence of the youth of the region. 45 YSOs were detected based off of their Spitzer colors, and 27 of them also showed an infrared excess in their 2MASS colors. When comparing our YSOs and Spitzer images with HST ACS data, we found that 5 of our detected YSOs are in the HST field, and 4 of the 5 can be seen sitting against dark clumps, immediately behind an IF.
In order to look at the physical properties of each of our 45 YSO candidates, such as mass, age, and temperature, we used an online Spectral Energy Distribution (SED) fitter from Robitaille et al. (2007) . We found best-fit masses ranging from 0.3 -5.7 M ⊙ . There were at least seven sources that had a best fit mass of less than 1 M ⊙ . Best fit ages ranged a few×10
3 -10 5 years for the Class I/0 sources, and 10 4 -10 6 years for the Class I/II and Class II sources. Using the masses from the model fitting, we calculated a mass function for our 45 sources. A slope of -1.53 was fit to the data, which corresponds to an IMF mass spectral index of -2.53, this is comparable to a Salpeter IMF. By extrapolating the number of lower mass sources up to the correct position, given by our mass distribution function, we calculated that we should have detected a total of 160 sources ranging in mass from 0.1 -6 M ⊙ . Therefore, by detecting 45 sources we were approximately 30% complete. Using a Salpeter IMF, we calculated that approximately 5375 stars ranging in mass from 0.2-40 M ⊙ have formed in this region throughout its lifetime. From both the mass distribution of sources detected and based off of the fraction of YSO SEDs we were able to detect, we had a completeness of 30-42%.
In order to classify the effect ionization fronts have on star formation, we quantified the distance of sources from ionization fronts in the region and the amount of clustering for our YSO sources. The majority of these sources are located within close proximity to ionization fronts in the region created by massive stars. The distribution of YSOs is not correlated with the location of the OB stars themselves, instead the sources are distributed along the IFs. Also, based on the mass distribution of the sources we detected and the overall fraction of sources we found, we estimate that between 20-45% of the YSOs forming in this region are due to triggering from the advance of ionization fronts, and this number is a lower limit based on our sensitivities with Spitzer.
The environment created by the massive stars in this region is having a definite impact on the formation of further generations of star formation. We find that newly forming lowmass stars are mostly forming in areas where the IF is compressing the molecular gas. The sources we are detecting with mid-IR excesses are very young sources, with the majority of these sources of order a few × 10 5 years, much younger than the age of the region and of the ages of the OB stars, which are around a few × 10 6 years. The sources we are finding are newly forming and are located in close proximity to the IFs; they are not coeval with the OB stars. The 45 YSOs detected and the distribution of these sources suggest that NGC 2467 is a prime example of triggered star formation due to H II region expansion. . Line corresponds to a slope of -1.53. The line was fit to the higher mass bins, where our sample is complete. The lower masses were scaled up to this line, and were used to estimate completeness. 
